Background: Temozolomide is an alkylating agent used along with concurrent radiation therapy in the treatment of glioblastoma. The primary adverse effect of temozolomide is bone marrow suppression with resulting cytopenias. There have been reported cases of temozolomide-induced hepatotoxicity, including fatal liver failure, associated with reactivation of the hepatitis virus or with concurrent use of other hepatotoxic drugs. In this report, we describe a unique mechanism of temozolomide-induced liver injury with supporting histopathology. Case presentation: Our patient, a 58-year-old African american woman with glioblastoma, was treated with concurrent radiation and temozolomide therapy. After 6 weeks of treatment, she developed worsening transaminitis and bilirubinemia with liver biopsy results consistent with drug-induced cholestasis and ductopenia. After cessation of drug treatment, her hyperbilirubinemia progressed with a peak bilirubin of 36.8 mg/dl. A repeat liver biopsy revealed severe biliary ductopenia consistent with vanishing bile duct syndrome. Conclusions: We present a rare case of a patient with biliary ductopenia as an adverse effect of temozolomide. During radiation and temozolomide therapy, blood counts and liver enzymes should be carefully monitored for the development of cholestatic liver injury. We recommend monitoring with weekly liver function tests and minimizing drugs that are metabolized by the liver during chemoradiation for glioblastoma.
Background
Glioblastoma is the most common aggressive primary central nervous system tumor in adults. It accounts for 45.6 % of all malignant central nervous system tumors and has an incidence of 3.19 per 100,000 [1] . The current standard of care for the treatment of glioblastoma is surgical resection followed by adjuvant temozolomide and concurrent radiation therapy. The addition of temozolomide to radiotherapy significantly improves the median overall survival and progression-free survival compared with radiotherapy alone [2] . Temozolomide, an oral alkylating agent, enters the cerebrospinal fluid and does not require hepatic metabolism for activation [3] . The most common adverse effects of temozolomide include nausea, fatigue, and hematologic toxicities. In April 2014, Merck Canada released an announcement acknowledging the association of temozolomide use with liver injury, including fatal hepatic failure, which may present up to 16 weeks following drug initiation [4] .
Various mechanisms of hepatotoxicity have been described in the literature, including the reactivation of hepatitis virus, the use of concomitant hepatotoxic medications, and cholestatic hepatitis [5] [6] [7] [8] [9] [10] [11] . We present a case of vanishing bile duct syndrome secondary to temozolomide use in the treatment of a patient with glioblastoma. To the best of our knowledge, we report only the second such case in the literature [12] .
Case presentation
A 58-year-old previously healthy Caucasian woman initially presented to our institute with headaches, nausea, and photophobia. She was found to have a 4.7 × 4.2 × 3.6-cm hemorrhagic right temporal lobe mass. She underwent emergent right craniotomy and mass resection, and the tumor pathology was consistent with glioblastoma. In laboratory examinations to evaluate her baseline hepatic function before chemoradiation, the results were aspartate transaminase 22 IU/L (normal range 5-34 IU/L), alanine transaminase 14 IU/L (normal range 5-55 IU/L), alkaline phosphatase 90 U/L (normal range 40-150 U/L), and total bilirubin 0.4 mg/dl (normal range 0.2-1.2 mg/dl). The patient's medications during chemoradiation were temozolomide, trimethoprimsulfamethoxazole, and ondansetron, and no supplements (herbal or over-the-counter vitamins) were used during chemoradiation.
Six weeks after initiation of temozolomide and radiation therapy, the patient was admitted to the hospital for rapidly increasing transaminitis (aspartate transaminase 425 IU/L, alanine transaminase 1028 IU/L), elevated alkaline phosphatase (291 U/L), and hyperbilirubinemia (total bilirubin 7.9 mg/dl) discovered in routine weekly blood work. She presented with jaundice and dark urine but otherwise was asymptomatic. The results of her infection workup (hepatitis panel, cytomegalovirus, herpes simplex virus, Epstein-Barr virus, HIV) and her autoimmune workup (antinuclear antibody, smooth muscle antibody, antimitochondrial antibody, immunoglobulins) were negative, and her liver ultrasound was unremarkable. She was not on any other hepatotoxic medications at the time of admission. Temozolomide was held on admission, and, although her aspartate transaminase and alanine transaminase levels improved, her total bilirubin continued to rise. Her initial liver biopsy pathology was consistent with a cholestatic pattern of injury with mild ductopenia and portal eosinophilia consistent with a druginduced liver injury.
Three weeks after admission, the patient's total bilirubin rose to a peak of 36.8 mg/dl, and repeat liver biopsy revealed progression to severe biliary ductopenia, consistent with vanishing bile duct syndrome. She was started on a trial of ursodeoxycholic acid and zinc with gradual improvement of her transaminitis and hyperbilirubinemia over several months. After discontinuation of temozolomide, she completed radiation. She did not have any further therapy except radiation while her hepatic function normalized. She relapsed approximately 9 months later and was then treated with re-resection followed by reradiation. Since her reradiation, the patient has had no evidence of recurrence and undergoes follow-up magnetic resonance imaging every 3 months. She has been followed for a total of 2 years and is currently without evidence of disease.
Discussion
The association of liver injury with the use of temozolomide has become more established in recent years. The mechanism of temozolomide-induced hepatotoxicity is unclear, as the drug does not require hepatic metabolism for activation [3] . Vanishing bile duct syndrome is a rare manifestation of temozolomide-induced liver injury. In a recent case report, Mason et al. [12] described a 62-year-old Indian woman who developed signs of liver failure 17 days after initiation of temozolomide therapy, with a peak bilirubin of 289 mg/dl. A liver biopsy done at day 30 confirmed vanishing bile duct syndrome, and she was treated with ursodeoxycholic acid and cholestyramine with resolution of liver enzymes by day 129. Several triggers of vanishing bile duct syndrome have been described, including autoimmune disorders, infections, congenital diseases, malignancy, and medications [13] . Treatment of vanishing bile duct syndrome varies with the underlying cause, but strategies generally include supportive care, withdrawal of the offending medication, treatment of the underlying infection, ursodeoxycholic acid, and immunosuppressive agents.
Conclusions
Biliary ductopenia is a rare manifestation of temozolomideinduced liver injury. Blood counts and liver enzymes should be monitored closely during concurrent temozolomide and radiation therapy for glioblastoma. We recommend monitoring with weekly liver function tests and minimizing drugs that are metabolized by the liver during chemoradiation for glioblastoma.
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